severe enough to interfere with intelligibility and to warrant speech services, provided the origin of the errors was unknown. Thus, the study excluded children whose errors were associated with severe deficits in the structure or function of the speech mechanism, intellectual deficits, or significant psychosocial dysfunction. Each of the caregivers of 66 children identified and contacted by school personnel agreed to participate in the study after follow-up calls explaining the study by the second author. Most of the candidate children had not received speech services at the time of assessment, but some children (reviewed later) were receiving speech-language services in individual programs, small group programs, or early childhood classes. All children were native speakers of American English and had no significant dialectal differences from General American English. Additional description of the final subject group is provided in a later section.
Assessment schedule. Assessment sessions for each of the 66 children were arranged by a telephone call from the examiner who was to assess the child. Preliminary information on the child and caregiver was obtained, with special attention given to information that might be used to increase the child's and caregiver's level of participation in the protocol. The caregiver was given a choice of scheduling one 2-hour assessment session or two 1-hour sessions. Approximately two thirds of the children completed the 2-hour assessment battery in one session, with a 15-minute break after the first hour. Approximately one third of the children were seen for two 1-hour assessment sessions scheduled on different days within a 10-day period. Fifty of the 66 children were seen for assessment during an 8-week summer period; an additional 16 children were assessed during a 6-month period beginning 5 months later (January through June). The final sample consisted of 64 of the 66 children who completed all major elements of the assessment protocol.
Assessment
Two second-year master's students in Communicative Disorders, each with extensive clinical experience with young children, were employed to administer the 2-hour assessment protocol. The examiners were given no prior information about the study other than that they were each to schedule and assess approximately 32 young children with speech delays and to reduce the data from some of the assessment tasks. Examiners were trained for 6 days before administering the assessment protocol to a subject. The three-stage training program included (a) introduction to and demonstration of each assessment task; (b) practice administering each task, including role-playing administrations; and (c) successful administration of the entire protocol to a pilot subject. A successful administration was defined as valid and reliable data collection relative to the directions in each test manual and efficient relative to the authors' experience with each measure. The two training goals were to ensure that all tasks were administered correctly, with minimal individual differences between examiners.
The assessment battery consisted of standardized measures and nonstandardized tasks in six categories: hearing, speech mechanism, speech production, language comprehension, language production, and case history and behaviors. Game-like activities were used to maintain children's interest within the nonstandardized tasks and between all tasks and measures. Following are brief descriptions of each task. Hearing 1. Audiologic Evaluation: Hearing was screened in each ear at 500, 1000, 2000, and 4000 Hz at 15 dB HL using routine audiometric procedures for screening hearing acuity in a quiet room. A Grason-Stadler GSI or a GSAI 28 Auto Tymp meter calibrated according to ANSI (S3.6-1969) specifications was used for all evaluations.
2. Acoustic Immittance Screening: The Grason-Stadler GSAI 28 Auto Tymp meter was used to obtain tympanograms and acoustic-reflex thresholds. All activating signals were generated internally by the Auto Tymp meter.
Speech mechanism 1. Orofacial Screening Examination: A 57-item orofacial examination to inspect the structure and function of the speech mechanism was adapted from the protocol presented in Nation and Aram (1977) . The tasks required the examiner to make both nominal-and ordinal-level judgments of the adequacy of a child's respiratory, laryngeal, velopharyngeal, and articulatory mechanisms.
Isolated and Sequenced Volitional Oral Movements Task:
A task based on the work of Darley, Aronson, and Brown (1975) was used to assess ability to perform nonspeech oral movements (e.g., cough). The examiner made both nominal-and ordinal-level judgments of the child's ability to make isolated movements and a series of two and three sequenced movements in response to verbal directions and imitation.
3. Diadochokinesis Task: A modified version of a standard syllable imitation task assessed children's ability to coordinate movement within a single place of articulation and across two and three places of articulation. The singlesyllable stimuli (e.g., /pM) were presented for imitation in four-syllable trains, with stress on the first syllable. The two-syllable and three-syllable stimuli were also presented with stress on the first syllable. Responses were scored from audiotape and included information on the number of syllables in a 5-second period, articulatory accuracy, and appropriate rhythm.
Speech production 1. Conversational Speech Sample: Spontaneous continuous conversational speech samples were obtained using procedural conventions specified in prior work (Morrison & Shriberg, 1992; Shriberg & Kwiatkowski, 1980 , 1982b . The examiner's goal was to obtain conversational speech samples of at least 100 utterances by varying topic and materials as described in Shriberg and Kwiatkowski (1985) . The conversational samples were the primary source of data for all phonetic and phonologic analyses using enhancements to Programs to Examine Phonetic and Phonologic Evaluation Records (PEPPER) Shriberg & Wilson, 1992) and for prosodyvoice analyses using the Prosody-Voice Screening Profile (PVSP) (Shriberg, Kwiatkowski, & Rasmussen, 1990 ; Shriberg, Kwiatkowski, Rasmussen, Lof, & Miller, 1992) .
Transcription
The conversational speech samples were transcribed by two two-person consensus transcription teams using procedures for narrow phonetic transcription described in several prior reports (Shriberg & Kwiatkowski, 1982a; Shriberg, Kwiatkowski, & Hoffmann, 1984) . The transcription teams transcribed a total of 121 articulation tests and conversational speech samples from the 64 children. Intra-team reliability was determined for each transcription team for both consonant and vowel transcription using five randomly selected transcripts yielding a sample of 430 words (763 consonants and 342 vowels). Point-to-point percentages of agreement for narrow phonetic transcription of consonants and vowels were 79% and 82% respectively; reliability for broad transcription of consonants and vowels was 91% and 92% respectively.
Results and Discussion
Results are reported in four sections that are organized to parallel the organization of findings in two prior papers that described children with developmental phonological disorders (Shriberg & Kwiatkowski, 1982a : Study A in the following discussion; : Studies B and C in the following discussion): (a) gender, age, and severity data; (b) speech profiles; (c) prosody-voice profiles; and (d) causalcorrelates profiles. The goal of each section is to derive one summary descriptive profile from the combined data sets.
Gender, Age, and Severity
Gender. Table 1 compares the demographics of subjects in three prior samples and the current study, including unweighted averages across the 178 subjects in the four studies. As indicated by the percentages in the second column from the right, the ratio of boys to girls in the current study (1.8:1) was considerably lower than ratios obtained in the three prior samples (Study A: 2.9:1, Study B: 2.5:1, and Study C: 2.7:1). Sampling bias is a possible explanation and is a methodological concern when subjects are obtained by referral, rather than by screening (cf. Shaywitz, Shaywitz, Fletcher, & Escobar, 1990) . However, because comparable sampling methods (i.e., referral by speech-language pathologists in local schools and clinics) have been used in all four studies, sampling bias is not a likely source of the lowered males-to-females ratio in the present study. Reliable gender data are particularly important in epidemiological and genetics research where such information is used to generate hypotheses about alternative modes of genetic transmission. An epidemiological study by Tomblin (1991) using wellcontrolled stratified population sampling methods promises the level of reliability needed for prevalence estimates and gender ratios in developmental phonological disorders.
Age. The average age of children in the four studies was 4 years, 8 months. As shown in Table 1 , Study C and the current study yielded proportionally more younger children than did the two earlier studies, Studies A and B. Findings from the current study, which are consistent with records in 37 1100-1126 October 994 aReported in Shriberg and Kwiatkowski (1982a) . bReported in Shriberg, Kwiatkowski, Best, Hengst, and Terselic-Weber (1986) .
To adjust for sampling differences across studies, the average for All Studies is not weighted by the number of subjects per study.
our university Phonology Clinic, indicate that the average age of referral for children suspected to have a phonological disorder has stabilized at approximately 4 years, 3 months. Severity. Three measures have been used in prior studies to index the severity of involvement of children with developmental phonological disorders: the Percentage of Consonants Correct (PCC), the Intelligibility Index, and earlier versions of a procedure currently termed the Prosody-Voice Screening Profile (PVSP) Shriberg & Kwiatkowski, 1980 , 1982a Shriberg et al., 1990) . Table 2 summarizes the severity of involvement of the current sample compared to prior samples, including the unweighted average values across the four studies. Different methods across the four studies yielded different sample sizes for each of the dependent variables. As assessed by PCC scores, average severity of involvement ranged from approximately 62% to 70% across the four studies, with the younger subjects in the two more recent studies having average PCC scores of approximately 63%. The four-category severity classification based on PCC scores indicates fairly stable percentages of children with mild and severe involvements in the two most recent studies, with percentages for mild-moderate and moderate-severe differing by as much as nearly 40% across the four studies. The source of the increased proportion of children in the moderate-severe category in the present study is not known. The unweighted average indicates that over half (54%) of children with developmental phonological disorders have mild-moderate involvement and nearly one third (32%) have moderatesevere involvement, with the remaining 10% to 15% distributed among mild and severe.
The intelligibility data (percentage of words that could be glossed by the transcribers) for the current study yielded mean Intelligibility Index scores above 90% for each of the three levels of severity (PCC) sampled (see Table 2 ). Intelligibility Index scores averaged somewhat lower for three of the four PCC levels in Study C. Because all the intelligibility data were obtained in a controlled setting and glossed after repeated audiotape replays by experienced transcribers, they are "best case" estimates of intelligibility. As discussed elsewhere (Weston & Shriberg, 1992) , correlations between Intelligibility Index and PCC scores average in the low .40s, sharing only approximately 15% to 20% of common variance.
Finally, the suprasegmental data for the current study in relation to the three other studies shown in Table 2 reflect the upgraded version of the prosody-voice procedure. A later section will review descriptor-level data obtained with the newer procedure. As shown in Table 2 , the summative scores for some of the suprasegmentals vary considerably across studies. Because the current sample has the largest and most representative sample of children and uses the most well-developed prosody-voice procedure, the values for this group are proposed as the most reliable estimate of population values in children with developmental phonological disorders.
Speech Profiles
Description. The primary speech analyses in the current study are based on the continuous speech samples; the spontaneous articulation test data are used for some comparisons to other studies. Figures 1 and 2 provide phonemelevel and feature-level speech data in analyses formats called speech profiles. The data indicated by the filled circles are from the 64 speech-delayed (D) children referred to as the current or present study. To compare these data with data from children acquiring speech normally, the data points indicated by the open circles are from the 72 speech-normal (N) 3-to 6-year-old children described in Hoffmann (1982) , Hoffmann and Shriberg (1982) , and Shriberg ( , 1993 . All speech-sampling, transcription, and data reduction procedures for the speech-normal children were accomplished using the same methods as used with the speech-delayed children .
Rationale and validity data for speech profiles are presented in Shriberg (1993) . Speech profiles are generated by software that computes descriptive statistics from the speech samples, computes inferential statistics, and produces several types of four-panel displays. The following four paragraphs provide an overview of the numerical and graphic elements of a speech profile.
The four panels in Figure 1 describe the average percentage of consonants correct (Panel A) and error type percentages (remaining panels) for the 64 children with developmental phonological disorders in the current study compared to data for the normative reference group. Each of the four Shriberg, 1993) . Thus, the descending trends in the graphic section of Panel A in Figure 1 reflect the percentages correct for each of the 24 consonants occurring as both singletons and clusters. The numeric section at the top of Panel A provides means and standard deviation data for consonant singletons (S), consonant clusters (C), and all consonants (T) for each of the three eight-sound groups and across all 24 sounds. The data in the remaining three panels in Figure 1 provide information on the error types observed in the narrow transcription of the conversational speech samples. The trends in the graphic sections are the average relative error types for each consonant, with the summary data in the numeric sections of each panel providing information on both absolute (A) and relative (R) errors. Absolute errors (omissions, substitutions, and distortions) are the percentage of each error type in the conversational speech sample. The numerator for each absolute error percentage is the number of incorrect sounds (errors) of that type in the sound class addressed, and the denominator is the total number of correct plus incorrect sounds for that sound class. As is done for the PCC metric, the data in each of the three 8-sound classes are weighted by the contribution of each sound in the class. Thus, more frequently intended (i.e., target) sounds in a speech sample contribute more heavily than less frequently intended sounds to the subgroup percentages for the Early-8, Middle-8, Late-8 sound groups and the total for all sounds. Relative omission, substitution, and distortion errors provide error-pattern information that adjusts for subjects' severity of involvement by basing the percentage on each subject's total number of errors. In the numeric section of the panel, the relative data are based on all sounds in each of the three developmental sound classes. The numerator for each child is the number of errors of that type, and the denominator is the total number of incorrect sounds in the sound class addressed. In the graphic sections, the relative data computed for each phoneme are displayed. Thus, the absolute and relative errors provide alternative metrics for questions about how speakers err in the production of target phonemes. The four panels in Figure 2 are conceptually similar to those in Figure 1 , but aggregated by phonetic features. Feature Class data are provided for sonorants (S) and obstruents (0); analysis by Voice includes data summed for all voiced (V) and voiceless (VL) sounds; and analysis by Manner includes percentages for all target nasals (N), glides (G), stops (S), affricates (A), fricatives (F), and liquids (L). The numeric sections of Panels B, C, and D in Figure 2 include data on the percentage of absolute errors, whereas the graphic sections in these panels display the percentage of relative errors.
The daggers and double daggers in the numeric and graphic sections of all panels in a speech profile indicate significant between-group differences at the .01 and .001 levels, respectively. For the present data the statistic was the nonparametric Mann-Whitney test (MINITAB, 1989; Siegel & Castellan, 1988) . Although means and standard deviations provide the most meaningful descriptive statistics for the numeric and graphic displays, nonparametric statistics typically provide the most appropriate inferential tests of differences in the articulatory behaviors of two or more groups. Specifically, nonparametric tests allow for (a) the nonnormality of distributions for each comparison, including high frequencies of 0% and 100% scores that cannot be transformed for parametric analyses; (b) the correlation of means and standard deviations at extremes of measurement; and (c) the typically small and/or disproportionate sample sizes. The two probability levels, .01 and .001, bracket, respectively, liberal and conservative family-wise alpha levels for the number of tests in the numeric and graphic sections of each panel. By presenting the graphic and numeric data in original percentages and using the appropriate nonparametric statistics at two advisory alpha levels, the speech profile analyses (and subsequently, the prosody-voice profile analyses) attempt to balance the goals of exploratory data analysis, advisory inferential statistics, and the avoidance of Type I or Type II errors of inference.
The profiles in Figures 1 and 2 provide information on a number of variables of interest in disordered child phonology. Because of interdependencies, it will be necessary to discuss data in these speech profiles concurrently. Moreover, discussion will move among the numeric and graphic sections of the four panels in each profile.
Consonant profiles. Beginning with the graphic section of Panel A of Figure 1 , the speech-delayed children (filled circles) have significantly lower percentage correct scores than the speech-normal children (open circles) on 18 of the 23 sounds (3/ had insufficient data to test). The two groups had approximately similar percentages correct on the remaining five consonant sounds: tS/, /d 3 /, I/S/, /s/, and /z. As shown in the graphic section of Panel D of Figure 1 , approximately 80% to 95% of the errors on these latter five sounds in the speech-normal children were phonetic distortions. Subsequent analyses of the specific type of distortion errors using another speech profile format (not shown here) indicated that the speech-normal children's distortions of these two affricates and three fricatives were almost always dentalizations. These data for the speech-normal children are consistent with the data of Smit, Hand, Freilinger, Bernthal, and Bird (1990) , indicating that it is not until after 6 years that many children acquiring speech normally have correct articulation of all affricates, fricatives, and liquids. It is important to note that the data for both the normal and the disordered groups in Figures 1 and 2 reflect the same stringent response definitions using a system of narrow phonetic transcription .
Overall, the numeric and graphic data in Panel A of both Figure 1 and Figure 2 indicate that the speech-delayed children's articulation of nearly all the consonants in conversation differs significantly from the articulation of the speechnormal children. That is, they not only differ significantly on the later-developing sounds, but they also differ in correct articulation of the sounds occurring earliest in speech-sound development. This finding is most readily appreciated in Panel A of Figure 2 . Except for the two-member class of affricate consonants, the speech-delayed children differ significantly on each of the other consonants divided by class, voice, and manner features.
Panels B, C, and D in Figures 1 and 2 provide information on the types of errors made by the speech-disordered children compared to the speech-normal children. Recall that the calculations for relative errors adjust for each child's severity of involvement, so that the distributions of omission, substitution, and distortion errors can be compared directly within and between the two groups of children. The percentages of error types between the two groups differ significantly, as indicated in both the numeric sections (which provide summary descriptive and inferential statistics for both absolute and relative percentages) and the graphic sections (which provide sound-or feature-level descriptive and inferential statistics for the relative percentages). The speechnormal children's errors were distributed as 5.1% omissions, 13.7% substitutions, and 81.1% distortions (see relative totals [R] in the numeric sections of Panels B, C, and D, respectively, of Figure 1 ). In comparison, the speech-delayed children's errors were distributed as 25.4% omissions, 47.4% substitutions, and 27.2% distortions. Statistically significant between-group differences in error type are apparent in the numeric sections of each panel for the three 8-sound subgroups, especially for phonemes in the Late-8 group. As shown by the trends in the graphic sections in both Figure 1 and Figure 2 , the errors of the speech-delayed children were primarily omissions and substitutions, whereas the errors of the speech-normal children were primarily distortions.
Vowels and diphthongs. Figure 3 provides summary information on the vowel and diphthong articulation of the two groups (for clarity, only Panel A of the speech profile format is shown). The graphic section of Figure 3 shows that the speech-delayed children's articulation was significantly lower on 9 of the 17 vowel-diphthong comparisons testable with Mann-Whitney statistics. Differences occurred primarily for sounds that were more difficult for both groups; notably, they did not differ on the cardinal vowels /i/, /a/, and /u/. In the numeric section of this speech profile, which tests differences at the feature class level of vowels-diphthongs, most of the comparisons between the speech-normal and speech-delayed children were statistically significant. Specifically, statistically significant comparisons were obtained for MID, front (FRNT), central (CNTRL), and BACK vowels; for the rhotic (RHOT) vowels (/a/, I/3/); for the two nonphonemic diphthongs (NONPH DIPH) (/, /-I/); as well as across all (ALL) vowels-diphthongs. Thus, as with the percentage of consonants correct data in Figures 1 and 2 , the vowel-diphthong profiles for this sample of speech-delayed children in Figure  3 may be characterized as "across-the-board" involvement-that is, parallel to the profile for speech-normal children, but significantly lower in percentages correct. Summary: Delay or disorder? All literature reviews to date conclude that the speech patterns of children with speech involvement are essentially similar to patterns described for younger children acquiring speech normally (e.g., Bernthal & Bankson, 1993; Stoel-Gammon & Dunn, 1985) . Thus, although the term speech disorder provides the most useful cover term for a variety of service delivery issues, the term speech delay more appropriately reflects a presumed shift in only the temporal onset and/or rate of speech-sound development. That is, support for the alternative concept of a disorder requires evidence for a notable shift in the sequence of acquisition of phoneme targets and/or in the error patterns associated with disordered compared to normal acquisition. Although the cross-sectional data for both groups of children in Figures 1, 2 , and 3 do not allow a direct test of similarities in the ontogenetic sequence of speech-sound mastery, they do allow statistical comparisons of mastery and error patterns for each sound. Interpretation is generally guided by the overall pattern of descriptive and inferential data, rather than by the statistical findings for any particular data point. These profile comparisons are interpreted as providing mixed support for the concept of a speech delay.
In support of the notion of delay is the overall betweengroup similarity in the shapes of the consonant (Panel A in Figures 1 and 2 ) and vowel-diphthong (Figure 3) percentagecorrect trends. Overall, the percentages between the Early-8, Middle-8, and Late-8 consonant phonemes follow similar decreasing trends, with the notable departures for the speech-normal group involving distortions of ItSI, /d3/, /s/, and /z/. Thus, although by definition the two samples of children differ in the absolute magnitude of errors, the pattern of mastery across the Early-8, Middle-8, and Late-8 consonant sounds is interpreted as considerably more similar than dissimilar.
Lack of support for the notion of speech delay is based on analyses comparing the error patterns of the two groups of children. Notice in the numeric sections of Panels B, C, and D of Figures 1 and 2 adjust for each subject's severity of involvement (i.e., the per-child denominators are the total number of each child's errors). As reviewed previously, the children acquiring consonants normally averaged 5.1% Relative omission errors, 13.7% Relative substitution errors, and 81.1% Relative distortion errors, whereas the children with disordered speech averaged 25.4% Relative omissions, 47.4% Relative substitutions, and 27.2% Relative distortions. To summarize, the descriptive profiles and advisory statistical findings in Figures 1, 2 , and 3 provide mixed support for an across-the-board developmental delay in the acquisition of phoneme targets. The delay is characterized by omission and substitution errors across all consonant sounds, including those that normally are mastered earliest. However, these data also indicate that, when adjusted for absolute differences in error magnitude, the averaged error patterns of children with developmental phonological disorders deviate significantly from the error patterns of children acquiring speech normally.
Prosody-Voice Profiles
A second set of descriptive profiles for the most recently assessed group of 64 speech-delayed children describe their prosody and voice characteristics in conversational speech. Using a preliminary version of the assessment procedure to be described below, prior reports indicate that from approximately 25% to 50% of speech-delayed children also have questionable or notable involvement in prosody and/or voice . Using different methodologies from those used in the studies, St. Louis, Hansen, Buch, and Oliver (1992) and Ruscello, St. Louis, and Mason (1991) have reported comparable rates of the coexistence of speech and voice disorders in school-age children.
For the current study, prosody-voice data were obtained on two samples of children using an enhanced version of the prosody-voice assessment procedure (Shriberg et al., 1990 reported in prior work (Shriberg & Kwiatkowski, 1982a; Shriberg & Widder, 1990) . Prosodyvoice assessment was technically feasible for 62 of the 64 speech-delayed children described above. Prosody-voice assessment was also accomplished on a normative reference sample available in the SALT database (Miller, 1990) . The latter sample of 71 normally developing 3-to 5-year-old children, approximately balanced in number by age and gender, were drawn from the same demographic groups as the speech-delayed children. Data reduction for the prosodyvoice procedure was accomplished using similar procedures by the same personnel for both samples. Detailed analyses of these data with reference to age and gender issues in speech genetics will be reported elsewhere. For the current descriptive-comparative purposes, the data are collapsed across age and gender. The question is whether speechdelayed children differ significantly from speech-normal children in any aspects of prosody and/or voice.
Group data. The four panels in Figure 4 , collectively termed a prosody-voice profile, provide information on six suprasegmentals: Phrasing, Rate, Stress, Loudness, Pitch, and Voice Quality (with Voice Quality divided into Laryngeal and Resonance). Figure 5 , which is taken from the scoring form for the prosody-voice assessment procedure (Shriberg et al., 1990) , is the key for the numbered codes in Figure 4 . Included in Figure 5 is the key for the 31 Exclusion Codes (Figure 4 , Panel B) and the 32 numbered inappropriate prosody-voice codes (Figure 4 , Panels C and D). The structural elements of a prosody-voice profile are similar to those described for a speech profile. The numeric and graphic sections in each panel provide descriptive and inferential statistics for each between-group contrast. The inferential statistic used in this prosody-voice profile is the nonparametric Mann-Whitney statistic with p values indicated for the .01 and .001 levels of significance. As with the speech profile data, preliminary analyses indicated that means data generally provide the better central tendency descriptors for the questions pursued in these studies, with nonparametrics typically most appropriate for inferential statistical tests. Parametric descriptive statistics in the numeric and graphic sections sometimes appear to differ from the more conservative results of the nonparametric inferential statistics.
Beginning with the rightmost column in the numeric section of Figure 4 , Panel B (%Exclusion Codes: Total), there was a statistical difference in the number of utterances that were excluded from prosody-voice coding for each group. The relative frequencies of each code can identify group-or individual-level differences in behavioral, discourse, and sociolinguistic functions and processes (e.g., Shriberg, 1993; Shriberg & Widder, 1990) . As shown, more than one half (55.4%) of the utterances of the speech-delayed subjects had to be excluded from prosody-voice coding because one or more of four classes were termed Exclusion Codes. In comparison, only somewhat more than one third (36.9%) of the utterances of the speech-normal children were excluded from prosody-voice coding. At the summary level in the numeric panel, significantly greater percentages of the speech-delayed children's utterances were excluded on the basis of the exclusion codes subsumed under Content/ Context (CONT), Environment (ENVIR), and Register (RG-STR). At the level of individual codes shown in the graphic section of Figure 4 , Panel B, the speech-delayed children had significantly more utterances excluded because of Too Many Unintelligibles (C12), Too Far From Microphone (E4), and Narrative Register (R2). The speech-normal children had significantly more utterances excluded because of Interruption/Overtalk (C5).
As indicated by the dashed horizontal lines in Figure 4 , Panel A, the prosody-voice analysis procedure-designed as a perceptual screening instrument-considers 90% and above on each suprasegmental as a Pass, 80% to 89.9% as Questionable, and fewer than 80% appropriate utterances as a Fail (Shriberg et al., 1990 . Based on these clinical criteria, the averaged speech-normal children's values in the numeric section of Panel A and the data points in the graphic section fall into the Questionable range for Phrasing and Laryngeal Quality. Mean values for the speech-delayed children fall into the Fail range for Laryngeal Quality. Statistically significant differences were obtained for four of the suprasegmental contrasts, as well as the combined Quality contrast. The speech-normal group had significantly more .4 utterances with inappropriate Phrasing; the speech-delayed group had significantly more utterances scored inappropriate in Loudness, Pitch, and Laryngeal Quality. Information on the 15 specific Inappropriate Prosody codes and the 16 Inappropriate Voice codes underlying the summative scores in Panel A of Figure 4 is available in Panels C and D, respectively. The numeric sections of each panel provide coding-level information on the percentage of utterances in which the coding decision was questionable (Q) (i.e., borderline behaviors meeting response-definition criteria), nonquestionable (N), and the totals (T) for Q plus N. As shown in the numeric sections of Panels C and D, almost all of the inappropriate codes assigned to utterances in both groups were considered reliable (i.e., not questionable) by the scorer. The speech-normal children had significantly more utterances that were inappropriate in Word Repetition (Phrasing 3) and One-Word Revisions (Phrasing 6). The speech-delayed children had significantly more utterances that were inappropriately Soft (Loudness 17), Loud (Loudness 18), and Rough (Laryngeal Quality 24).
Individual data. Table 3 and Table 4 provide subjectlevel percentages on the prevalence of prosody-voice involvement in the two samples of children described in Figure 4 . For the present purposes, inferential statistics are not reported for all statistically significant differences among cell frequencies. Rather, the emphasis is on patterns of prosody-voice outcomes between and within the two sample groups. Whereas the previous data in Table 2 and Figure 4 provide grouped averages, the data in Table 3 and  Table 4 provide two types of comparative information on the speech-delayed children's prosody-voice characteristics in continuous speech. The column entries in Table 3 are the percentages of speech-normal and speech-delayed children whose status on the prosody-voice procedure meet criteria for Pass (>90%), Questionable (80% to 89.9%), and Fail (<80%).
The descriptive percentages for the seven suprasegmentals in Table 3 can be summarized as follows: (a) The speechnormal and speech-delayed groups have generally similar classification outcomes for Rate, Pitch, and Resonance Quality. (b) Proportionally more speech-normal than speechdelayed children have Questionable or Fail outcomes on Phrasing. (c) Proportionally more speech-delayed than speech-normal children have Questionable or Fail outcomes on Stress, Loudness, and Laryngeal Resonance. As described in the technical report for the prosody-voice assessment instrument, the findings for Phrasing are not unexpected given the age of both the speech-normal and speechdelayed children . The Phrasing codes are sensitive to whole-word repetitions and revisions, behaviors that appear to be more frequent in children acquiring speech normally than in children with delayed speech acquisition . These Phrasing data support a number of theoretical perspectives on the interaction of speech and language processing variables in children's conversational speech. The findings for Loudness and especially Laryngeal Quality are also of interest in relation to potential genetic issues underlying the co-occurrence of speech, voice, and language disorders (e.g., Ruscello et al., 1991) . Table 4 provides prosody-voice classification data for each child in the speech-normal and speech-delayed groups. The table is divided into two sets of percentages reflecting the four possible Pass-Fail outcomes for the three prosody and the four voice suprasegmentals. The Pass/Nonpass data use all outcomes, whereas the Fail/Nonfail outcomes discard scores for children who had a Questionable on any one of the seven suprasegmentals. The primary purpose of the descriptive data in Table 4 is to provide baseline information at the level of individual subject profiles. The following are among the findings that warrant additional study: (a) Approximately 30% of speech-normal children, compared to approximately 18% of speech-delayed children, had scores at 90% or greater (Pass) for all seven suprasegmentals. (b) Approximately 4% of speech-normal children, compared to approximately 16% of speech-delayed children, had scores below 80% (Fail) on at least one suprasegmental in both prosody and voice. (c) Nonpass and Fail scores for the speechnormal children were more often associated with one or more of the prosody suprasegmentals, whereas the Nonpass and Fail scores for the speech-delayed children were more frequently involved with one or more of the voice suprasegmentals.
Causal-Correlates Profile
The term causal-correlates refers to all assessment and case history data that may be relevant to an eventual understanding of the origin of developmental phonological disorders (Shriberg & Kwiatkowski, 1982a) . Prior papers have reported the percentage of subjects coded normal (0), questionable (1), and involved (2) for each of the causalcorrelate variables described in the Method section (Shriberg & Kwiatkowski, 1982a; . Table A in the Appendix includes a summary of findings tabulated separately for the three prior data sets (combined), the current study, and the totals for all study groups. Coding criteria for each of the descriptors are provided in the Appendix, together with specific counts and percentages for each descriptor in the prior and current studies. Figure 6 is a graphic summary of the primary findings. The bars in each of the panels in Figure 6 , which are sorted left-to-right in descending order of magnitude, are the percentages of speechdelayed children rated 1 or 2 on the abbreviated descriptive label for each bar. The percentages are based on the totals for children in all four study groups and thus are weighted by the number of children in each group. To allow comparison with the data in , percentages are shown only for descriptors that were rated for 39 or more children (see Appendix for descriptive data for each percentage). For the . B. Speech Mechanism panel (upper right), data are shown only for the 32 descriptors with the highest percentages; there were 40 additional descriptors for which 0% to 9% of rated subjects received either a 1 or a 2. In the absence of normative reference data for normally speaking children of comparable demographics, it is not directly possible to interpret the significance of any one percentage or cluster of percentages in Figure 6 . However, as suggested in the following brief summaries, these data should be useful as baseline information for many associated research issues in developmental phonological disorders. To be consistent with prior reports, the organization and format of these summaries closely follows the exposition in . A companion paper in this series (Shriberg, Kwiatkowski, & Gruber, 1994) will be concerned specifically with the data in Figure 6 and the Appendix as predictors of short-term speech-sound normalization.
Hearing. As shown in the top left panel in Figure 6 , over 30% of the rated children had a 1 or a 2 on one or more of six descriptors associated with reduced hearing levels. Within these first six variables (a) 26% of children had PE tubes in place and an additional 21% had been considered for PE tubes, (b) 41% had four or more episodes of otitis media before 18 months as well as more episodes after 18 months, (c) 42% had documented mild conductive loss in one or both ears on one or more occasions, and (d) over 30% had tympanometry and/or acoustic reflex findings implicating middle ear problems in one or both ears on one or more occasions. As shown in Figure 6 , percentages for the remaining eight descriptors indicated hearing-related conditions, behavioral observations by parents, and audiological assessment findings for from 4% to 32% of children.
In the absence of well-matched control data, it is difficult to interpret the significance of these prevalence findings on hearing-related variables for explanatory models of the onset and maintenance of clinically delayed speech. The case history findings that have the most face validity and highest reliability relative to hearing loss may not differ from distributions found in a group of children with comparable demographics. And those percentages that do differ significantly might be biased by concern for children's intelligibility problems. Specifically, these children's overt speech problems could prompt caregivers and physicians to take more aggressive approaches to assessment and management. As discussed in the prior report , complex clinical issues underlie referrals for suspected middle-ear involvements and medical-surgical recommendations. Findings from large, well-controlled prospective studies (e.g., Friel-Patti & Finitzo, 1990) have not yielded a definitive explanatory-predictive model relating early otologic-audiologic-tympanometric status to short-term and long-term communicative function. Using models developed in prior work (Shriberg, 1982 (Shriberg, , 1987 Shriberg & Smith, 1983; Thielke & Shriberg, 1990 ), a series of forthcoming database studies will describe the speech and prosody-voice characteristics of children with differing hearing histories.
Speech mechanism. The speech mechanism data are divided into 86 descriptors representing diverse history and status variables on orofacial and speech-motor function (see Appendix). Ratings of 1 or 2 were obtained for from 2% to 96% of children on 66 of the 86 descriptors. Figure 6 includes data for 32 of these 66 variables. The data for three variables assessing children's ability to sustain sounds (Variables 64-66 in Table A of Appendix) were excluded because of questions about the reliability of this measure. Also excluded were data for the remaining variables that had 2% to 9% of the rated children obtaining ratings of 1 or 2. The most prevalent descriptor was Familial, with 39% of children having one member of the family with the same speech problem and an additional 17% (total = 56%) having more than one family member with the same speech problem. A total of 40% of the children had questionable or nonquestionable involvement of the palatine tonsils. The data for the remaining 30 speech-mechanism descriptors in Figure 6 included ratings of 1 or 2 for from 7% to 30% of the children.
These data are generally consistent with findings from the classical causal-correlates studies of children with articulation disorders (cf. Bernthal & Bankson, 1993; Winitz, 1969) . They suggest that clinical findings implicating the speech mechanism may be found in a significant number of children referred for speech delays of unknown origin. However, as no one descriptor variable (or group of descriptors; see the subscale summative scores in the Appendix) is clearly prevalent across children, these findings fail to implicate specific speech-mechanism deficits as sufficient causes of speech delay. It is important to underscore the relatively gross levels of these measures. Although the magnitudes of structural and speech-motor control deficits affecting speech production might be expected to be manifest at clinically obvious levels, relevant causal factors may be accessible only at the level of fine-grained instrumental measurement. The most provoking speech-mechanism finding in Figure 6 relative to an eventual understanding of the origins of speech-sound disorders are the data for heredity factors. As in most other clinical sciences, genetic transmission models have recently emerged as strong candidates to explain at least one form of communicative disorders of heretofore unknown origin.
Cognitive-linguistic: comprehension. Of the 13 cognitive-linguistic comprehension descriptors listed in the Appendix, Figure 6 includes data for 9 that were rated for a minimum of 39 children. The two most prevalent descriptors (34% and 35%) reflect a child's potential for learning as questioned by parents or teachers or as confirmed in older children by repetition of a grade or special class placement. Percentages for the remaining seven descriptors (12% to 30%) reflect scores on tasks and measures of cognitivelinguistic comprehension. Among these latter variables, six of the seven indicated proportionally more children having scores in the questionable or up to 1-year delay range, with proportionally fewer children having scores indicating greater than 1-year delay. These data indicate that cognitive-linguistic comprehension is a concern for at least one third of children with speech delays of currently unknown origin. As previously suggested, such information about language comprehension involvement is crucial for eventual phenotyping of speech-language disorders. Moreover, as discussed in the two companion articles in this series, a child's cognitive-linguistic comprehension status is of central significance to short-term and long-term speech-sound normalization.
Cognitive-lInguistic: production. From 10% to 77% of children rated on the 10 cognitive-linguistic production variables were rated involved or questionable. Most frequent were children who had a one-stage gap (38% of the children) or a two or more stage gap (39% of the children) between emerging and expected grammatical morphemes. The remaining 9 variables in Figure 6 , which were rated 1 or 2 for from 10% to 64% of children, included three case history variables and six developmental indices of language content and form. Based on typical clinical criteria, language production is of at least questionable concern for 75% to 80% of children whose speech errors qualify them to be classified as having a developmental phonological disorder. As considered in the companion articles in this series, a child's cognitive-language status appears to be a central factor associated with both short-term and long-term speech-sound normalization.
Psychosocial Inputs. The six descriptors reflecting ratings of 1 or 2 for psychosocial inputs included from 2% to 27% of children. Among the three most frequent findings, two reflected clinical judgments that parent's behavioral management strategies were somewhat (15%) or considerably (12%) ineffective and that they were somewhat (8%) or considerably (9%) overconcerned about their child's problem. The third variable reflected parent's perception that their child had difficulty with initial acceptance by peers.
Parent reports and clinical judgments of parenting strategies suggest that significant external pressures are not prevalent in approximately 75% of children with developmental phonological disorders. No study to date has demonstrated that such variables are associated with the normal acquisition of speech. Rather, as indicated next, these children are judged to experience internal pressures affecting their psychosocial adjustment.
Psychosocial behaviors. The data in Figure 6 indicate that 21 psychosocial behavior variables were of questionable or nonquestionable concern for from 5% to 67% of the children. Over half the children (53%) were described as somewhat too sensitive (easily hurt feelings), and an additional 14% were described as overly sensitive (very easily hurt feelings). The other 20 variables reflect an array of observations, including both general social responsiveness and responses to speech-related social contexts.
These descriptive data indicate that a significant number of children with developmental phonological disorders experience psychosocial difficulties. As with most of the other descriptors, it is not known whether sampling biases inflate the magnitudes of these findings or whether they would differ significantly from data in a non-speech-delayed group. For intervention questions, however, such information clearly confirms the need to account for psychosocial variables in the overall plan of treatment. Figure 7 is the fourth and final descriptive profile of children with developmental phonological disorders of currently unknown origin. These prevalence estimates were assembled primarily from the databases used in this research series. Prevalence rates for the independence and co-occurrence of speech and language disorders in children are central to studies exploring the hypothesis of genetic transmission modes. Specifically, prevalence data are used for liability estimates (the expected percentage of affected subjects in a population) in genetic analyses and for hypothesis generation about the number of genes that might be involved. In the present context the following summary of the data in Figure  7 is presented in an effort to gain the broadest perspective on the major descriptive characteristics of developmental phonological disorders.
Prevalence Profile of Developmental Phonological Disorders
Approximately 7.5% of 3-to 11-year-old children have clinically significant sound changes termed developmental phonological disorders. Within this group, 2.5% have delayed speech, defined as deletion and substitution errors that persist beyond approximately 4 years of age. Follow-up studies of speech-delayed children identified during preschool years indicate that some children normalize, some children retain delayed speech or only residual articulation errors, and many children experience problems in reading, writing, and spelling, or show evidence of a general learning disability. The remaining 5% of children with developmental phonological disorders have distortions of /s/, /I/, and /r, 3, a/, termed residual articulation errors, that may persist into adulthood. There has been considerably less research recently in residual articulation errors compared to speech delay, because of, among other factors, an increas- ing cultural pluralism in contemporary definitions of a communicative disorder. From a theoretical perspective, however, the origin and persistence of a residual articulation error may play an important role in an eventual explanation of developmental phonological disorders (cf. . Finally, in Figure 6 , as evidenced in the descriptive studies reported here, 50% to 75% of young children with delayed speech have a productive language involvement, with 10% to 40% also having a delay in language comprehension.
icant advances in five areas: description, explanation, prediction, intervention, and prevention. With the notable exception of descriptive research, progress in these areas since the earliest work in the 1930s might be characterized as distressingly slow. A major impetus for continued research is provided by the wealth of research documenting the social handicap of unintelligible speech and the central role of phonology in the development of language, reading, and other academic skills. The challenge is to use an increasing array of theories and technologies to eventually understand a puzzling childhood disorder of currently unknown origin.
Conclusion
The profiles developed in this paper reflect over a decade of research to develop ways to characterize the salient features of developmental phonological disorders. Findings attempt to enhance the information base required for signif-reporting of these data: Diane Austin, Maria Cavicchio, Rebecca Hinke, Patti Engebose Hovel, Frederic Gruber, Maureen McGowan Jepsen, Patrice Kearney, Doris Kistler, Sarah Hoffman, Kit Hoffmann, Gregory Lof, Jane Loncke, Jane McSweeny, Dennis Olson, Amparo Ortez, Carmen Rasmussen, Dorothy Rorick Ross, Catherine Trost-Steffen, Audrey Weston, Carol Widder, and David Wilson. We also wish to express our profound gratitude to speech-language pathologists and administrative personnel in the Madison Metropolitan School District, whose continuous and varied contributions for over a decade have been central to the accomplishment of this work. The manuscript was substantially improved by editorial suggestions provided by Carol Stoel-Gammon, Paul Deputy, and by an awesomely astute (but anonymous) JSHR reviewer. This work was supported by grants from the U.S. Department of Education (G008400633) and the U.S. Public Health Service, NIDCD No. DC00496. Table A , which follows, is a summary of the causal-correlates data for each of the three studies. Data are not available for all descriptors in all studies because of deletions, additions, and relabeling of the descriptors in successive studies. So that the classification system used in Study B and Study C (1986) could be compared with that of Study A, additional assessment and management data were added and some descriptors were deleted because they were more appropriately included in the speech data. For the current study, the following categories of descriptors were deleted for the indicated reasons: (a) management data--because data were not available for most subjects who were assessed before management, (b) prosodyvoice, intelligibility, and other speech production data-because these data are more appropriately included in the speech data, and (c) performance on specific assessment measures-because these measures are no longer routinely administered. Descriptors added to the classification system used in the current study include (a) hearing descriptors for reporting pure tone screening results, sensorineural hearing loss, and episodes of otitis media, (b) speech descriptors for providing detailed information on structure-function of the oralperipheral speech mechanism, (c) cognitive-linguistic descriptors for additional information on cognitive and language comprehension, and (d) language production descriptors for semantic and syntactic detail. Finally, descriptors that were relabeled for the current study include those originally titled Infections (presently included in PE Tubes), Clumsiness (relabeled Gross Motor Development), Lip Movement (relabeled Lip Movement During Continuous Speech), and Mandible Movement (relabeled Mandible Movement During Continuous Speech). These descriptor changes yielded totals of 90 for Study A, 127 for Study B and Study C, and 146 for the present study.
TABLE A. Causal-correlates descriptor ratings for speech-delayed children in Studies A-C, the current study, and percentaged across all studies.
Rating definitions
Studies A-C Current study All studies 
